Abstract: Burn patients over the age of 60 are at a greater risk for developing pulmonary complications than younger patients. The mechanisms for this, however, have yet to be elucidated. The objective of this study was to determine whether increased chemoattraction plays a role in the agerelated differences in pulmonary inflammation after burn injury. At 6 or 24 h after receiving sham or 15% total body surface area scald injury, lungs from young and aged mice were analyzed for leukocyte content by histological examination and immunostaining. Lungs were then homogenized, and levels of neutrophil chemokines, MIP-2 and KC, were measured. At 6 h after burn, the number of neutrophils was four times higher in the lungs of both burn groups compared with aged-matched controls (P<0.05), but no age difference was evident. At 24 h, in contrast, neutrophils returned to sham levels in the lungs of young, burn-injured mice (P<0.05) but did not change in the lungs of aged, burn-injured mice. Pulmonary levels of the neutrophil chemokine KC but not MIP-2 were consistently three times higher in aged, burn-injured mice compared with young, burn-injured mice at both time-points analyzed. Administration with anti-CXCR2 antibody completely abrogated the excessive pulmonary neutrophil content by 24 h (P<0.05), while not affecting the inflammatory response of the wounds. These studies show that CXCR2-mediated chemoattraction is involved in the pulmonary inflammatory response after burn and suggest that aged individuals sustaining a burn injury may benefit from treatment strategies that target neutrophil chemokines. J. Leukoc. Biol. 83: 000 -000; 2008.
INTRODUCTION
Individuals over the age of 60 are at a greater risk of developing serious complications after burn injury than younger, otherwise healthy adults [1] [2] [3] . A main reason is that ϳ70% of elderly patients are admitted to the emergency room with one or more pre-existing conditions, such as cardiovascular disease or diabetes [4, 5] . However, simply being over the age of 60 has been found to be an independent risk factor for the development of multiple organ failure, sepsis, and acute respiratory distress syndrome after traumatic injury [6, 7] . Improvements in treatment strategies for burn patients have provided great benefit for younger individuals [8] . Unfortunately, the current advancements have made little progress for elderly burn patients [1, 9] .
It has long been recognized that one of the most serious threats to the burn patient is the development of respiratory complications [10, 11] . Moreover, when pulmonary dysfunction develops in elderly patients, the risk of death is even higher than that of a younger burn patient [12, 13] . It is currently thought that with a moderate-to-severe burn injury, an extensive amount of proinflammatory mediators enters into circulation, incites a systemic inflammatory response, and affects organs other than the skin [14] . As the inciting injury is not at these remote sites, the accompanying tissue damage and edema formation can significantly compromise normal function [15, 16] . As the lungs receive 100% of the cardiac output, their risk of being affected by a systemic inflammatory response is considerable. Other characteristics of the lung that make it one of the most susceptible organs to damage following injury include its delicate architecture and the presence of numerous alveolar macrophages that can independently respond to systemic cytokines [17, 18] . The reasons why the lungs of aged individuals are even more susceptible to damage following injury than those of younger individuals, however, are not completely understood [4, 19, 20] .
One of the acute markers of remote organ damage after burn injury is the infiltration of neutrophils [21, 22] . When activated, neutrophils release numerous proteases and reactive oxygen species, which can result in destruction of the surrounding tissue [23, 24] . There are three main mechanisms involved in neutrophil recruitment to the site of inflammation: chemoattraction, endothelial cell adhesion, and vascular permeability [25, 26] . In this study, we will only focus on chemokines. Neutrophil chemokines-mostly KC and MIP-2, which are orthologs of human growth-related oncogene ␣ and ␤, respectively-are released from a number of cell types in the lung in response to inflammatory stimuli [27, 28] . Upon their release, chemokines bind to their cognate receptors on circulating leukocytes and induce cytoskeletal changes that allow the cells to migrate into the tissue [25, 29] . For neutrophils, the main receptor for MIP-2 and KC is CXCR2, which is upregulated in response to various proinflammatory mediators [25, 30] .
To date, most of the animal models that explore the mechanisms of pulmonary inflammation after injury use young adult animals [31] [32] [33] [34] . Although many have shown that pulmonary sequelae have a higher incidence in elderly burn patients and are more detrimental, few have investigated the cause [2, 4, 19] . The main objective of this study was to examine pathologic differences in the lungs of young and aged animals in a murine model of burn injury and to determine whether the neutrophil chemokines, MIP-2 and KC, play a role in this process. We have used a murine model in which animals receive only a moderate-sized burn injury (15% of the total body surface area). In the human population, only ϳ1% of individuals from 2 to 60 years old would succumb to this size burn, whereas 15% of those over the age of 60 would die from a similar-sized injury [1] . Here, we show for the first time that a moderatesized burn in aged mice parallels what is observed in humans and that a greater neutrophil accumulation is related to a protracted expression of KC in the lungs of aged mice. Blocking neutrophil chemoattraction through administration of anti-CXCR2 antibody effectively reduces pulmonary inflammation in the lungs of aged mice in the first 24 h after burn.
MATERIALS AND METHODS

Animals
Young (3-6 months) and aged (18 -22 months) BALB/c female mice were obtained from the National Institute of Aging colony at Harlan Laboratories (Indianapolis, IN, USA) and maintained on a 12-h light/dark cycle with standard laboratory rodent chow and water ad libitum. All experimental procedures were performed according to the Animal Welfare Act and the Guide for the Care and Use of Laboratory Animals, National Institutes of Health (Bethesda, MD, USA), and approved by the Animal Care and Use Committee at Loyola University Medical Center (Maywood, IL, USA).
Induction of burn injury
Mice were anesthetized with Nembutal (50 mg/kg i.p.), shaved, and placed into a plastic template designed to give a 15% total body surface area, fullthickness dorsal scald injury when immersed in a boiling water bath for 8 s, according to a modified protocol of Walker and Mason [35, 36] . As a control, a separate group of mice received a sham injury, which entailed administration of anesthesia and shaving, but a room temperature water bath was used instead. Immediately following injury, the mice received warm saline resuscitation (1 ml per 20 g body weight), and their cages were placed on heating pads to prevent circulatory collapse and cardiovascular shock. After recovering from anesthesia, this procedure leaves young, healthy mice able to eat, drink, groom, and ambulate to their pre-injury capacity. The mice were killed using CO 2 inhalation and cervical dislocation. No other therapeutic intervention was provided, as administration of anti-inflammatory or analgesic medication may introduce confounding factors into the assessment of inflammatory responses. To eliminate the complication of hormones regulated by circadian rhythms, all burn-injury procedures were administered between 8 and 10 a.m. In addition, all mice-including those that died before the time of sacrifice-were examined for visible tumors and if found, were removed from the study.
Histologic examination of the lungs
Lungs were removed and inflated with formalin immediately after sacrifice, as described previously [37] . After overnight fixation, the lungs were embedded in paraffin, sectioned, and stained with H&E. Lung sections were examined by light microscopy for pathologic changes and neutrophil content [37] . The total number of neutrophils in the lungs of each animal was determined in 10 400ϫ fields.
Immunofluorescence of leukocytes in the lungs and skin
The lungs were removed at the time of sacrifice, inflated with 25% optimal cutting temperature (O.C.T.) freezing medium, and embedded for frozen sectioning. To compare the changes in the lung to the wound itself, the skin from the edge of the burn wound was also removed at the time of sacrifice and embedded in O.C.T. freezing medium for sectioning. Skin was not taken from the center of burn wounds, as most of this tissue is necrotic [38] . The lung and skin sections were fixed in acetone and blocked with normal goat serum. Sections were first incubated with 1 g/mL rat anti-Gr-1 antibody (Invitrogen, Carlsbad, CA, USA), followed by 4 g/ml goat anti-rat IgG conjugated to Alexa Fluor 488 (Invitrogen). As Gr-1 can also be found on certain macrophage populations [39, 40] , the sections were dual-stained with 0.2 g/mL biotinylated anti-monocyte and macrophage antibody 2 (MOMA-2) antibody (BMA Biomedicals, Augst, Switzerland), a pan-macrophage marker, and detected with 2 g/ml Cy3 Streptavidin (Invitrogen). Using fluorescent microscopy, the total number of neutrophils (designated as Gr-1 ϩ MOMA-2 -cells) was counted across 10 high-power fields for each animal in lungs and skin [41] . The total tissue area across which cells were counted was quantified and determined to be consistent between animals in all treatment groups (data not shown).
KC and MIP-2 levels in lung and skin homogenates
One lobe per mouse or one 5 mm punch from the edge of the wound was homogenized in protease inhibitor cocktail (Roche Applied Sciences, Indianapolis, IN, USA) [38, 42] . Samples were analyzed for MIP-2 and KC content by ELISA (R&D Systems, Minneapolis, MN, USA), according to the manufacturer's specifications [37] . Total protein content of the same aliquot of lung homogenate used for ELISA was determined by BioRad protein assay (BioRad Laboratories, Hercules, CA, USA). Final concentrations of each chemokine are in pg/mg protein.
Blocking CXCR2
An initial set of dose-response experiments was performed to determine the lowest dose of anti-CXCR2 antibody that would block neutrophil accumulation in lungs of young mice after burn injury without disturbing the inflammatory process in the skin. With these experiments, we determined that an i.p. dose of 20 g per animal was sufficient to reduce neutrophil content in lungs of young, burn-injured mice to that of sham animals (data not shown). In a separate set of experiments, young and aged mice receiving a sham or 15% total body surface area burn injury were injected i.p. with 20 g control IgG (R&D Systems) or 20 g CXCR2 neutralizing antibody (R&D Systems). Mice were then killed at 24 h, and the lungs and skin were collected for further analysis, as described above.
Statistical analysis
Data were analyzed using GraphPad Prism 4 (GraphPad Software, Inc., San Diego, CA, USA) and are expressed as mean Ϯ SEM. For comparisons of two groups, an unpaired Student's t-test was used. For time-course experiments, a three-way ANOVA was used. Groups were considered significantly different at P values less than 0.05.
RESULTS
Histological changes in the lungs after burn
To first examine whether pathologic differences exist in the lungs of young and aged mice at 6 and 24 h after burn injury, frozen sections were stained with H&E. As shown by other laboratories [18, 21, 34] , the lungs of young mice were found to have a greater accumulation of inflammatory cells, increased edema formation, and thickened alveolar walls at 6 h after injury compared with young sham controls (Fig. 1, A and C) . At this time-point, similar pathological changes were found in lungs of aged, burn-injured mice, which were not apparent in lungs of aged, control animals ( Fig. 1, B and D) . By 24 h, the inflammatory cell accumulation in the lungs of young, burninjured animals diminished, making them indistinguishable from sham controls ( Fig. 1 , E and G). In the lungs of aged animals that sustained injury, however, the inflammatory infiltrate did not decrease at 24 h compared with 6 h (Fig. 1, F and H). To note, the lungs of young and aged, sham-injured mice did not appear different from young and aged, unmanipulated animals (data not shown).
Upon closer examination, the vast majority of the inflammatory cells in the lungs after injury were neutrophils. To determine whether these neutrophils migrated into the tissue or remained in the circulation, lung sections from all burn-injured animals were examined at higher power (1000ϫ). High-power images of lungs from young mice 24 h after burn looked identical to those of sham-injured mice; in these groups, the alveolar walls were thin and not very cellular. In lungs of young and aged mice at 6 h after burn, as well as in those of aged mice at 24 h after burn, the opposite was the case. Although many neutrophils were also observed within the vasculature, the majority appeared to have extravasated and localized within the alveolar walls leading to increased wall thickness (Fig. 2) .
Inflammatory cell accumulation in lungs of aged mice after burn
To confirm that the injury-associated inflammatory cells seen in the lungs after burn injury were indeed neutrophils, frozen sections of lung were immunostained with anti-Gr-1 [40] . As anti-Gr-1 can also detect certain macrophage populations, lungs were simultaneously stained with anti-MOMA-2-a panmacrophage marker [39, 40] . Thus, cells that were Gr-1-positive but were negative for MOMA-2 were considered neutrophils. Representative images of immunostained lungs from all treatment groups are shown in Figure 3 , and quantification of neutrophils is shown in Figure 4 . At 6 h after injury, the number of neutrophils was more than four times higher in lungs of young mice when compared with sham-injured controls (PϽ0.05; Figs. 3, A and C, and 4). Similar increases in pulmonary neutrophils were found at 6 h in the lungs of aged, burn-injured mice (Figs. 3, B and D, and 4) . By 24 h after injury, the number of neutrophils in the lungs of young, burninjured mice decreased to sham levels (Figs. 3, E and G, and 4). Parallel to the H&E analysis in Figures 1 and 2 , the neutrophils remained elevated in the lungs of aged, burninjured animals at 24 h compared with sham controls (PϽ0.05; Figs. 3, F and H, and 4). Neither age nor burn injury affected the number of MOMA-2 ϩ cells or Gr-1 ϩ MOMA-2 ϩ cells observed in the lungs at either time-point analyzed (data not shown). In addition, the number of neutrophils in the lungs of young and aged, sham-injured mice was not different from those of young and aged, unmanipulated mice (data not shown).
Chemokines in lungs of aged mice after burn injury
To determine whether increased numbers of neutrophils seen in the lungs of aged mice after injury correlated with enhanced levels of chemokines, lung homogenates obtained from young and aged mice were analyzed for neutrophil chemokines, MIP-2 and KC, by ELISA. At 6 h after burn injury, young and aged mice had significantly higher pulmonary KC levels than their sham controls, but levels were three times higher in the lungs of aged mice compared with young mice after burn (Fig.  5A) . At 24 h, KC levels remained elevated in the lungs of young and aged, burn-injured mice compared with shams, but levels were still three times higher in the lungs of aged mice receiving a burn injury. In contrast, although pulmonary levels of MIP-2 were two to six times higher than sham levels in all animals receiving a burn, there were no differences between age groups or time-points after injury (PϽ0.05; Fig. 5B ). These data imply that although KC and MIP-2 are elevated in the lungs in the acute phases of burn injury, only levels of KC can account for the age-related differences in pulmonary neutrophil recruitment.
Blocking CXCR2
To test the hypothesis that neutrophil chemokines are directly involved in the accumulation of pulmonary neutrophils after burn injury, mice were administered with control IgG or a neutralizing antibody against CXCR2 i.p., 30 min after receiving a burn or a sham injury. Animals were then killed at 24 h after injury. As shown above, this time-point correlated with neutrophil clearance in the lungs of young mice, and the lungs of aged mice still had a considerable degree of inflammation (Figs. 1-4) . As expected, the lungs of young mice 24 h after burn did not appear different from the lungs of sham animals following injection of control IgG or anti-CXCR2 antibody (Fig. 6, A-D, compared with Fig. 1) . Administration of the anti-CXCR2 antibody to aged mice after burn injury significantly reduced the pulmonary pathology seen with the injection of control antibody (Fig. 6, E-H) . This effect correlated with a reduction in pulmonary neutrophils to that of sham levels (Fig.  7) . Interestingly, blocking CXCR2 significantly lowered the pulmonary levels of neutrophils in all treatment groups, including young, sham-injured mice, suggesting that CXCR2 also has a role in the normal, homeostatic maintenance of neutrophil numbers in the lungs. To note, KC, MIP-2, and IL-1␤ levels in the lungs were not different between control IgG and anti-CXCR2 administration in any of the treatment groups (data not shown), indicating that antibody treatment did not decrease neutrophil accumulation in the lungs through diminishing the proinflammatory response itself.
Wound analysis
With the observation that chemokines are higher in the lungs of aged mice after burn leading to greater neutrophil accumulation, we sought to determine whether this held true for the burn wound as well. As shown in Table 1 , levels of KC were significantly elevated in the wounds of burn-injured mice at 24 h, but age differences seen in the lungs at this time-point were not apparent. MIP-2 levels at this time-point were below the minimum level of detection by ELISA in the wounds of all treatment groups (data not shown). Neutrophils in the skin at 24 h after burn were also elevated compared with shams (PϽ0.05) but were not significantly different between the age groups ( Table 2 ). These data suggest that the exaggerated, inflammatory response to burn injury in aged mice is specific for the lung.
As the anti-CXCR2 antibody was given systemically, there was a concern that neutrophil migration to the wound itself would be compromised, potentially leading to abnormal wound healing or a risk of infection. For this reason, the dose of anti-CXCR2 antibody used (20 g per mouse) was intention- ally kept at a level that would effectively reduce the neutrophil accumulation in the lung and preserve the inflammatory response in the burn wound. The results in Table 2 show that, in fact, the dose of the anti-CXCR2 antibody given did not significantly affect the neutrophil accumulation in the wounds of mice at either age at 24 h after burn injury. As anti-CXCR2 antibody treatment did not affect levels of KC or MIP-2 in the lungs, these chemokines were not measured in the wounds of this treatment group.
DISCUSSION
It is widely recognized that advanced age is a significant risk factor for increased pulmonary complications after burn injury [10, 12] . However, few studies have directly examined the mechanisms that could contribute to this age-associated susceptibility. In studies using young animals, neutrophils are a main mediator of pulmonary inflammation and tissue damage in the acute stages of injury [18, 34, 43] . Here, we have shown that chemokines acting through CXCR2 play a role in causing acute inflammation in the lungs after burn injury. We have also shown that aged mice exhibit an exacerbated pulmonary response to burn as a result of an increased and sustained level of KC in the lungs. Most importantly, these data indicate that in this model of burn injury, blocking CXCR2 is an effective way to reduce acute pulmonary inflammation, especially in aged mice.
Many have previously shown that chemokines are instrumental in neutrophil-mediated pulmonary damage after injury in young animals [28 -30, 44, 45] . Here, we demonstrate that levels of KC and MIP-2 are elevated in the lungs within the first 24 h after injury but that only pulmonary KC levels are affected by age. Experiments aimed at blocking CXCR2 show that inhibiting the neutrophil response to KC completely abrogates pulmonary inflammation after burn in young and aged mice, indicating that chemoattraction is indeed part of this mechanism for both age groups. These results are consistent with those from other laboratories studying the effects of inhibiting CXCR2-mediated chemoattraction in various models of systemic inflammation, such as hemorrhagic shock and sepsis, as well as in wound healing [29, 33, 46, 47] . Whether using CXCR2 knockout mice, neutralizing antibody against the receptor, small molecule inhibitors of the receptor, or antibodies against KC and MIP-2 themselves, studies show that blocking CXCR2-mediated chemoattraction sufficiently attenuates acute inflammatory responses following a systemic challenge.
As a caveat, in vitro experiments conducted by other laboratories have indicated that neutrophils from aged animals actually display decreased chemotaxis in response to various inflammatory stimuli [48 -50] . The contradiction between these in vitro experiments and those conducted in the current study reveals the importance of a cellular environment when analyzing defects associated with aging. It is well known that in vivo, aging is associated with increased circulating, proinflammatory cytokines, such as IL-6, TNF-␣, IL-1, and IL-8 [51] [52] [53] [54] . Interestingly, we have also found that IL-1␤ levels are significantly higher in the lungs of aged mice (V. Nomellini and E. J. Kovacs, unpublished observations). A significant increase in the levels of IL-1␤ in the lungs of elderly humans in the absence of clinically detectable disease has also been observed [55] . This increase in pulmonary IL-1␤, however, does not correlate with higher levels of KC and MIP-2-both of which can be induced by IL-1␤ [44, 56] -in the lungs of uninjured, aged mice (Fig. 5) . After burn injury, though, KC levels are threefold greater in the lungs of aged mice compared with those of young mice at 6 and 24 h. In contrast, IL-1␤ is not different in the skin of young and aged, uninjured mice (V. Nomellini and E. J. Kovacs, unpublished observations). Following this, neither KC nor MIP-2 shows age differences in the skin after burn (Table 1) . Differential levels of IL-1␤ in the absence of injury may help explain why, following an inflammatory challenge, the lungs of aged mice show an exacerbated response compared with those of young mice, and the wounds themselves do not. To note, levels of IL-6, another key player in the inflammatory response, are not different in the lungs of young and aged, uninjured mice (data not shown).
With the observation that aging is associated with an increased proinflammatory state, the results of the current study are similar to those seen in "two hit" models of injury. In these models, the clinically important situation, whereby two inflammatory challenges occur simultaneously or as subsequent challenges, results in an exaggerated response beyond that of either injury alone. Examples of this include hemorrhagic shock plus sepsis or burn injury plus infection [57, 58] . We propose that burn injury in aged individuals parallels these two hit models. Advanced age acts as the first hit by increasing the inflammatory milieu of the lungs. Once receiving a burn injury (the second hit), aged mice exhibit an augmented response beyond that of young mice receiving a comparable injury. We have shown that blocking this excessive inflammation effectively reduces the pulmonary consequences in the aged mice after burn. In the current studies, though, the anti-CXCR2 treatment did not decrease the mortality rate of the aged mice (data not shown). Regardless of whether they received anti-CXCR2 antibody, ϳ20% of the aged mice succumb to the burn injury within the first 24 h, and all of the young mice survive. In other words, a burn size that is normally manageable in young mice leaves aged mice at a greater risk for complications and death; this is very similar to what is seen in the human population [12, 59, 60] . In humans, on the other hand, mortality rates are four times higher in elderly patients with pulmonary failure compared with those without [12] . Therefore, although anti-CXCR2 treatment does not affect mortality within the first 24 h after burn, perhaps it will prove to be a valuable tool to prevent or limit pulmonary failure and death at later time-points.
Although we have shown that CXCR2 chemokines are mechanistically important in mediating pulmonary neutrophil accumulation after burn, the therapeutic implications of these data are also intriguing. As described above, the intended use of the anti-CXCR2 antibody was to effectively reduce the systemic component to burn injury while preserving the inflammatory response of the wound itself. Using only 20 g per mouse, we were able to accomplish this. The reasons for this are unknown, but we believe that it is related to the degree of tissue injury and the number and types of proinflammatory mediators involved. At the primary site of injury in the skin, there is a great deal of cellular damage and necrosis that is not seen in the lungs [38] . The persistence of this necrotic tissue acts as a nidus for a protracted inflammatory response. In addition, chemokine signaling via CXC receptors is not the only mechanism that contributes to neutrophil migration to the wound. Other candidate chemoattractants not examined in this study include C5a, platelet-activating factor, and leukotriene B 4 , all of which are potent mediators of neutrophil migration [25, 28, 61] . C5a, in particular, has been shown to play a role in burn injury [28, 62] .
Interestingly, these data also show that blocking CXCR2 decreases the number of neutrophils in the lungs of uninjured animals. It is well known that there is a highly controlled regulation of neutrophil numbers in the peripheral blood and in tissues. The proposed mechanisms for neutrophil homeostasis are related to the ␤-integrin, CD18 [63] , as well as G-CSF and IL-23 [64] . Some have also suggested that there is an important interplay between neutrophil responses to the CXCR4/stromalderived factor-1 axis and the CXCR2/KC axis [65] . Upon down-regulation or cleavage of CXCR4, neutrophils have an increased propensity to leave the bone marrow and migrate to the periphery via CXCR2 ligands. Our results support this hypothesis, indicating that blockage of CXCR2 attenuates neutrophil numbers in the peripheral blood (data not shown) as well as in the lungs of uninjured mice (Fig. 7) . Although not a primary goal for the current study, these data provide further insight into normal maintenance of neutrophil homeostasis.
From the results of this study alone, it is not possible to predict whether the neutrophil retention in lungs of aged, burn-injured mice was only a result of enhanced recruitment to the tissue or whether increased adhesion to the pulmonary vasculature and/or diminished clearance also play a role. There has been extensive research about the role of endothelial adhesion molecules on neutrophil accumulation in the lungs after burn injury [66, 67] . In young animals, expression of ICAM-1 is reportedly elevated in the lungs following various systemic inflammatory responses, including burn injury and sepsis [68, 69] . To date, there are no published reports that assess the cell adhesion molecule profile in lungs of aged animals after injury. However, many have reported an upregulation of membrane and soluble forms of ICAM-1, VCAM-1, and selectins in the serum of aged humans and animals, whether in the absence or in the presence of injury [70 -73] . Preliminary data from our laboratory also suggest that levels of ICAM-1 are elevated in the lungs of uninjured, aged mice compared with those of young mice (V. Nomellini and E. J. Kovacs, unpublished observations). In addition, as aging and burn injury are known to compromise the phagocytic capacity of macrophages, decreased removal of apoptotic neutrophils may provide an alternative explanation for the increased pulmonary inflammation seen in aged mice after burn [74, 75] . In our hands, histologic examination does not reveal an accumulation of apoptotic bodies. Specific staining for active caspase 3 and similar studies aimed at characterizing the state of neutrophil apoptosis, as well as macrophage phagocytosis, are required to define the role of neutrophil clearance in the lungs of aged animals in response to injury.
In summary, these data show that CXCR2-mediated neutrophil migration is important in the development of pulmonary inflammation in the acute stages of burn injury. In addition, increased age is associated with an exaggerated response in the lungs, but not in the wounds, following burn injury, possibly as a result of differential levels of IL-1␤ expression before injury. Regardless of age, prolonged neutrophil exposure can lead to excessive tissue destruction as a result of protease release and oxidative stress [14, 23, 24] . This may explain why the elderly are at an increased risk for pulmonary complications after burn injury. Low doses of CXCR2-neutralizing antibody are effective in attenuating acute pulmonary neutrophil accumulation in aged mice, while maintaining the inflammatory environment of the wound tissue. Importantly, these data imply that the development of more targeted therapies against neutrophil chemokines may be beneficial for preventing or diminishing remote organ damage after injury, especially in the aged population.
